Ferrite adsorbents containing magnesium, cobalt, nickel, zinc were prepared in order to remove As(III) and As(V). They are adsorbents with large specific surface area. The ferrite adsorbents could effectively adsorb As(III) and As(V) at neutral pH. The adsorption percentage of As (III) and As(V) onto cobalt ferrite was larger than the other ferrite adsorbents. The adsorption capacity of cobalt ferrite for As(III) and As(V) was 0.83 and 0.52 mmol/g, respectively. The adsorption capacities of As(III) and As(V) on magnesium ferrites increased with increasing their specific surface area, suggesting that functional groups on the surface participate in the adsorption.
3 Results and Discussion
Characterization of adsorbents
The reflection peaks of the products were assigned to ferrites(CoFe2O4, NiFe2O4 , ZnFe2O4 and MgFe2O4 whose JCPDS card numbers are 22-1086, 10-0325, 22-1012 and 17-09464, respectively). The composition ratio (M/Fe), specific surface area and pHzpc were shown in Table 1 . A molar of M /Fe in ferrite prepared was approximately 0.5. The specific surface area of Mg ferrites increased with decreasing calcination temperature .
Adsorption of arsenic
The effect of pH on the adsorption of As (III) and As(V) with ferrite adsorbents such as Co-F, Ni-F, Zn-F, Mg-F500, 800 and 1 000 was shown in Figs. 1 and 2 , respectively. The adsorption of As(III) and As(V) was dependent on pH. As(III) and As(V) were adsorbed over 80% and 90%, respectively except for Mg-F800 and 1000. The adsorption of As(III) increased with decreasing pH in pH<7 and gradually decreased with increasing pH in pH>7, except for Mg-F. The adsorption of As(III) with Co-F showed larger adsorption percentage in wider pH range than the other adsorbents.
The adsorption of As(V) greatly decreased with increasing pH. These results showed that the decrease of the adsorption for arsenic onto Ni-F, Zn-F, Co-F and Mg-F500 began to decrease at pH 6.7, 6.7, 7.3 and 10, respectively. These pHs were the same value as pHzpc of each adsorbent. Therefore it is considered that the pHzpc is very important property in the adsorption. Then As(III) was adsorbed 20% onto Mg-F800 at pH 9 and 0-5 % onto Mg-F1000 in the region of pH 5-8. The adsorption percentage of As(III) with Mg-F500 was significantly large compared with Mg-F800 and 1000. It is seen from Table 1 , Mg-F500 has very larger specific surface area than Mg-F800 and Mg-F1000. This result showed the specific surface area was also very important property as arsenic adsorbents. Table 1 Properties of adsorbents. Fig. 1 Effect of pH on the adsorption of As(III) with ferrite adsorbents. In order to estimate the adsorption capacity of Co-F which indicated the larger adsorption percentage of As(III) and As(V) at the same neutral pH as groundwater, of MAG Mg-F500, 800 and 1 000 prepared by the different calcination temperatures had the different specific surface areas, as shown in Table 1 . The adsorbent having the large specific surface is expected to adsorb more arsenic. The adsorption isotherms of As(III) onto Mg-F500, 800 and 1000 were also shown in Fig.4 . These results were fitted by the Langmuir isotherm model (the correlation coefficients 0.99-0.98), except for Mg-F1000 which hardly adsorbed As(III). The specific surface area of Mg-F500 was greatly larger than Mg-F1000. The order of their adsorption was the same as that of the specific surface area. The decrease of the adsorption is also related with the decrease of the hydroxide groups to be adsorption sites on the adsorbent surface by dehydration condensation occurred at high temperature.
